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PULSE AND FREQUENCY RESPONSE 

Some Useful Relations 
by J. K. Skilling 


If a fast pulse is applied to a wideband circuit, and the output has a rise time of 
50 nanoseconds and no overshw)t, the upper cutoff frequency is approximately 
7 MHz. If the same circuit exhibits 25 percent droop in its re.sponse to a 1-second 
pulse, its low-frequency cutoff is 0.05 Hz. 

It is often useful to be able to infer the frequency response of a device or circuit 
from measurements of pulse response. For one thing, instrumentation for pulse 
work is generally simpler than that for sine-wave measurements. To measure 
directly the two cutoff fn»quencies in the above example, one would probably 
need two sine-wave signal generators to cover the range from 0.01 Hz to 10 MHz. 
Measurements at several frequencies would have to be taken. A sweeper would 
be more convenient — although it would give no phase information — but would 
entail an even larger commitment to instrumentation. On the other hand an 
economical, general-purpose puls<? generator and oscilloscope are the only instru¬ 
ments needed for the rapid pul.se testing of wideband circuits and devices. 

.\nd there are other advantages to the use of pulse techniciues. Pulse excitation 
allows indep<nident control over .*«ignal level and average power in the device 
under test. Also, the use of an oscilloscope to view the output immediately un¬ 
covers gross distortion, clipping, oscillation, etc that might otherwise escape 
notice. 

On the debit side, the present state of instrumentation does not allow the 
observation of waveforms with the accuracy that characterizes sine-wave testing. 
As a result, pulse tests give less accurate information about frequency response 
than do direct measurements. 


MODELS 

Correlation of pulse and sine-wave re.sponses is generally done, as most active- 
circuit calculations are done, with mmlels. One calculates both pulse-respon.se 
waveforms and frequency-re.‘<ponse curves for a given nuHlel circuit with given 
component values. The assumption is that if the observed waveform from a real 
device is the same as a waveform that one ha.s calculated for the model, then the 
device’s frequency response will be the same as that calculat<»d for the model. 
This is born out, at least to a good approximation, by most common wideband, 
linear devices and circuits that have reasonably smooth rolloffs at both low and 
high frequencies. 
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Figure 1. Low-frequency 
model ond input ond output 
waveforms. 


LOW-FREQUENCY RESPONSE 

The low-frequency response of the circuit gov'ems the amount of droop*’ in 
the output pulse. It is usually adequate to choose a simple Rc high-pass circuit 
as a model for low-frequency behavior, as shown in Figure 1. If the amount of 
droop is less than 30 percent, the low-frequency cutoff frequency fi is given in 
terms of the droop D (percent) and the pulse-duration time Td by the approximate 
formula 


e 



, . 0.159 D 

In practice, one might adjust the pulse duration until a droop of 25 percent is 
observed. When D = 25%, the low-frequency cutoff can be calculated with a 
formula that is a little more accurate than the one given above: 

. . 0.0456 

fi = —— (droop = 2o%) 

i d 


HIGH-FREQUENCY RESPONSE 

The high-frequency behavior of the circuit governs the way in which the output 
waveform responds to an input step. A model suitable for high frequencies is 
somewhat more complicated than the low-frequency model we have just dis¬ 
cussed. The one usually chosen is the series-parallel circuit shown in Figure 2.* 
The source is a current step whose magnitude I is such that IR = 1. The ratio m 
measures the amount of peaking or, inversely, the amount of damping. (It is 
equal to the square of the circuit’s Q at the resonant frequency of L and C.) 

Figure 3 shows calculated output waveforms for various values of m. Note 
that the time is measured in units of Also shown in Figure 3 are the definitions 
of two parameters having to do with the circuit’s step response: the overshoot r 
and rise time tr. 

* Valley and Wallman, Vacuum Tube Amplijier$, M.I.T. Radiation Laboratory Series, No. 18, Boston Technical 
Publishers, Ino., Lexington, Mass., 1904. 


Figure 2. High-frequency model. The 
source is o current step of magnitude I, 
and the circuit elements are in a series- 
parallel configuration. 
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Figure 3. Step response of the series-porollel high-frequency model of Figure 7. The time 
axis it set off in units of te and the woveforms ore functions only of m. The illustration in 
the lower right corner shows how overshoot and risetime ore defined. 



Figure 4. High-frequency response of the series-parallel model of Figure 2. These curves 
are the companions of those in Figure 3. The frequency oxis is marked off in units of l/r^# 
and the shapes of the curves, like the shopes of those in Figure 3, depend only on m. 
The amount of peaking p (dB) and the cutoff frequency are defined by the sketch in 
the upper right corner. 
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The corresponding frequency-response curv^es are shown in Figure 4. Here the 
frequency is measured in units of l/^c and the shape‘of the curve is again a 
function only of m. 

Let us look at a few simple relations for representative values of m. 


m = 0 


There is no inductance, and the model reduces to the simple rc low-pass network. 


lr = 2.2rc, 


fee — 


0.159 


fr/«# = 0.35 (golden rule) 


0<m<0.25 

Now there is .some inductance present. As m increases, the rise time decreases and 
the high-frequency cutoff increases. 

m = 0.25 (critical damping) 

This is the condition for the shortest rise time without overshoot (although one 
can do better with a more complicated **peaking circuit*’*). 

tf — fee - 

*'C 


trf.e = 0.344 


The golden rule survives. 


0.25 <m <0.50 


The rise time continues to decrease and the cutoff frequency continues to increa.se, 
but overshoot starts to build up and so does frequency peaking. At m = 0.50, 


tr = 1.12TC, 


fee — 


0.286 




trfee = 0.32 


The golden rule is still barely tarnished. 


m>0.50 

Rise time continues to decrease, but overshoot becomes v'ery large and repro¬ 
duction of the pulse wav^eform is consequently poor. The cutoff frequency con- 

< S«e VftUey and Wallman, op. eiL., p 76. • 
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Table 1 

Characteristic quantities for the series-parallel 
high-frequency model 


normalized 


m 

normalized 
rise time 
ir/u 

overshoot 

r 

cuUifT 

frequency 

ft* * Tt 

rise-ti me-ni toff- 
frequency iiroduct 

tf • ft* 

frequency 

peaking 

P 

0 

2.20 

0% 

0.159 

0.350 

0 dB 

0.07 

2.03 

0 

0.172 

0.349 

0 

0.15 

1.82 

0 

0.192 

0.349 

0 

0.20 

1.68 

0 

0.208 

0.349 

0 

0.25 

1.53 

0 

0.225 

0.344 

0 

0.35 

1.31 

1.0 

0.258 

0.335 

0 

0.50 

1.12 

6.7 

0.286 

0.320 

0.25 

0.70 

1.01 

16. 

0.294 

0.297 

1.5 

1.0 

0.940 

30. 

0.289 

0.276 

3.3 

2.0 

0.865 

68. 

0.268 

0.232 

7.8 

5.0 

0.825 

148. 

0.245 

0.202 

15. 


tinucs to increase until m = 0.7, where the bandvsndth of the circuit is maximum. 
The frequency peaking at maximum bandwidth is 1.5 dH. For larger values of m, 
the model becomes a relatively high-Q resonant circuit with fre(|uency peaking 
that is excessive for a wide-band device. 

The relations discussed above are tabulated as a function of m in Table 1. 


AN ALTERNATIVE HIGH-FREQUENCY MODEL 

VVe can gain some confidence in the model-building methcnl if we compare the 
above results with those for a difTenuit high-frecpiency model, the series circuit 
shown in Figure 5. The behavior of the series model is shown in Figures 0 and 7 
and Table 2. 

The re.sponse is similar to that of the .series-parallel imKlel. The improvement 
in rise time and cutofT fretjuency with increasing m is not as marked — the 
improvement is 10 percent less at m = 0.25, for example. The cutofT frequency 
maximizes at a lower value of m than with the series-parallel model. But the most 




-o •. 


L/« 


Figure 5. Another high-frequency model. The source in 
this circuit Is o voltage step of unit magnitude and the 
circuit elements are in series. 
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FIgur* 6. Step respons* of the ceriet high-frequency model. The improvement in rite time 
with increoting m it o little lett thon in the teriet-porollel model, but otherwite thete 
curvet ore very timilor to thote of Figure 3. 



y 




Figure 7. High-frequency retponte of the teriet model. 
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Table 2 

Characteristic quantities for the series 
high-frequency model 


normalized 


m 

normalized 
rise time 

trlu 

overshoot 

r 

cutoff 
frequency 
ft* • u 

rise-time-cutoff- 
frequency product 

tt •ftm 

frequency 

peaking 

P 

0 

2.20 

0% 

0.159 

0.350 

0 dB 

0.07 

2.04 

0 

0.171 

0.349 

0 

0.15 

1.87 

0 

0.186 

0.348 

0 

0.20 

1.77 

0 

0.196 

0.347 

0 

0.25 

1.68 

0 

0.205 

0.344 

0 

0.35 

1.57 

0.6 

0.218 

0.342 

0 

0.50 

1.52 

4.3 

0.225 

0.342 

0 

0.70 

1.55 

9.6 

0.219 

0.339 

0.74 

1.0 

1.64 

16.3 

0.202 

0.331 

2.49 

2.0 

1.97 

30.5 

0.159 

0.313 

7.18 

5.0 

2.75 

48.6 

0.107 

0.293 

14.42 


important thing to notice is that this circuit, too, obeys the golden rule: the 
rise-time-bandwidth product is very close to 0.35 for small m. 

CASCADED STAGES 

Cascadcnl stages with no ovTrshoot have a combined rise time tha.t is approxi¬ 
mately the root-sum-square of the individual rise times: 

tr nmhined = “f frj* + fri* 4* . . . 

This useful relation also allows one to calculate the effect of the measuring 
system on the rise time. For example, if a pulse generator and oscilloscope by 
themselves show a rise time of 20 nano.scconds, and if when they are u.sed to 
measure the ri.se time of a device the result is 80 nano.scconds, the above relation 
gives a rise time of 77.5 nanoseconds for the device itsedf. 

Bear in mind that the formula given above applies only in cases of no overshoot. 
Valley and VVallman* give the following rules for ca.scaded stages with overshoot: 
“ For stages having very small overshoot (I or 2%) the overshoot grows extremely 
slowly or not at all as the number of stages increa,ses. . . . For stages having 
overshoots of about 5 to 10% the overshoot increases approximately as the square 
root of the number of stages, and the rise time increases substantially less rapidly 
than as the square root.^' 

* Op. eit.t p 78. 
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CONCLUSIONS 

The low-frequency cutoff can be determined from the measured amount of 
droop in the response to a long pulse. The prediction of high-frequency perfor¬ 
mance is a little more complicated because two cases have to be distinguished. In 
the overdamped zero-overshoot case (0 < m <0.25) it is difficult to determine m 
from an observed pulse waveform. But it is surprising to note that the cutoff- 
fre(juency-rise-time product changes by less than 2 percent over the range m = 0 
to m = 0.25. If the modeling procedure is reasonable, the prediction of cutoff 
frequency from rise time or vice versa anywhere in the overdamped region is 
accurate enough for engineering purposes. 

In the underdamped case (m>0.25), the cutoff-frequency-rise-time product 
depends upon m. But in this case the amount of overshoot, which one can measure 
with fair accuracy, gives a good estimate of m. 
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THE 1340 PULSER 


Versatility and price make this the ’’best buy” of the 
general-purpose pulse generators. 


When u new instniment improves on 
the |)erformance of products already on 
the market, it rc'presents progress; when 
it offers conveniences that the others 
don’t, it is attractive; when at the 
same time its price meets or beats the 
compidition, it makes news. So the (JR 
Pulse' Generator is news. It is a 
general-use pulse generator that offers 
a total combination of performance' and 
features that is not surpassed even by 
high-priced generators. 

0.2 Hz to 20 MHz 

Repetition periods from .10 nano¬ 
seconds to o seconds will interest users 


in fields from high-.spee'd circuit te.sting 
to seismological re.search. \ .single pulse 
for one-.*jhot tests can be triggen^l 
manually from a front-panel push¬ 
button. 

The PGO also offers c'ight decades 
of pulse-duration time.s, from 2.1 nano- 
.si'cond.s to 2..1 .s(‘Conds. The ma.ximum 
duty ratio that can be attained varies 
from 70 to over 0.1 percent, depending 
on the combinaticin of repetition-nite 
range and duration-time range that 
is in use. In cast* of an inadvertent .set¬ 
ting that exceeds the allowable duty 
ratio, a panel lamp flashes to alert the 
operator that the output waveform 
may not be trustworthy. In any event 
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there is no risk of a circuit overload if 
the duty-ratio limit is exceeded. 

The repetition and duration controls 
each combine range switching and con¬ 
tinuous adjustment in single easy-to- 
read dials. The repetition dial reads 
both prf and period, along with the 
correct units. 

.\ convenience feature of the 1340 
is the “s<iuarewave” po.sition of the 
pulse-d unit ion control. In this setting 
the output consists of 50%-duty-ratio 
pulses, regardless of the prf. Square- 
wave testing with the 1340 is thus fast 
and simple, since there is no need to re¬ 
set the duration when the prf is 
changed. 

1 0-Volt Output, ^ 1 -Volt Offset 

Both positive and negative pulses 
are available simultaneously at two 
low-reflection GR874® coaxial connec¬ 
tors. Each output is a high-impedance 
(about 1 kl2) current generator with a 
maximum source current of 200 mA 
and a saturation voltage of better than 
10 volts. Fifty-ohm resistors are 
switched across the outputs when re¬ 
flectionless sources are required. With 
the resistors .switched in, the 1340 can 
deliver 5-volt pulses to a 50-ohm load. 

Another 1340 conv’enience feature is 
the output offset. Independently ad¬ 
justable biases can be applied to the 
two outputs to offset the pulses up to 
it 1 volt (or zt 20 mA). The offset 
feature eliminates the need for auxiliary 
equipment, for example, to ensure posi¬ 
tive triggering in the presence of noise 
or small biases. It is a feature that will 
be of particular interest to those con- 
cerne<l with integrated-circuit testing. 

12 


The 1340*8 synchronizing trigger is 
a square w’ave, rather than the narrow' 
pulse that is available at most pul.se- 
generator sync outputs. The square 
wave has three principal advantages. 

1) Even w'hen the 1310 is being u.sed to j 

generate long pulses, the sync pulse is 
not too short to provide an effective J 

trigger. 2) The scpiare wave provides a 
stable trigger as the prf is changed, 
since its dc level does not vaiw'. 3) By 
changing the scope’s trigger level, one 
can synchronize the scope one-half 
period ahead of the pulse. 


The peri(xl, duration, negative ampli¬ 
tude, and positive amplitude can each 
independently be linearly modulated by 
externally applied modulating voltages. 

Voltages betw'een —0.5 and —5 volts 
sw’ecp the period and duration over the 
decade ranges selected on the range 
switches. Voltages between 0 and -1-5 
volts and 0 and —5 volts, re.spectively, 
vary the amplitudes of the positive- 
and negative-going pulses over the 
entire 10-volt range. 

The 1340 has other modes of elec¬ 
tronic control. A gating input permits 
an external switch closure or po.sitive- 
going pulse to inhibit the 1340’s period 
generator. Gating the o.scillator means 
that a pulse that is already underway J 

is not chopped by the gating signal. (' 

Whether one talks about modulation, ^ 

sw'eeping, or remote programming, the 
I340’s electronic-<!ontrol features mean 
greater usefulness. 

A description of some of the 1340\s 
novel circuitry follow’s the specifica¬ 
tions. 


PPM, PDM, PAM 
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SPECIFICATIONS 


fULSE PERIOD (PRF) 

Inlernoily Gen«rot*d: 50 ns to 5 8 (20 MHz to 
0.2 Hz) in 8 decade ranRcs. Single-pulse push 
button on panel. 

ExUrnally Confrelltd: I Hz to 20 MHz; triggers 
on any waveform of >3 V’ pk-pk. Input re¬ 
sistance approx 100 kll. Output pulse is started 
by negative-going transition. Period wintrol 
acts as input trigger-level control in external 
mode. 

OUTPUT.PULSE CHARACTERISTICS 

OurQiion: 25 ns to 2.5 8 in 8 decade ranges, or 

square wave. 

Rift* and Fall Tim«ft: 5 ns ^2 ns at 5 V\ 50-0 
load, and 5(V-SI source resistance. 

Amplifud*: Positive and negative ground-based 
pul^ available simultaneously with indepen¬ 
dent amplitude and offset control. Source 
current continuously adjustable to at least 0.2 
A (i.o., across 50-11 load, 10 V from high source 
resistance or 5 V from 50-11 source). 

Off«*t: Continuously adjustable source current 
from —20 to -f20 mA. 

Source R*«ifttanc«: 50 II, or high (approx 1 kll) 
for 50-11 loads. 


Amplitud*: 2.5-V pk-pk positive squan^ wave 
l>ehiud 500-11 source impedance. 

MODULATION AND GATING 
Modulation: Perioii and duration are linearly 
controllable by an external voltage between 
—0.5 and —5.0 V. .Amplitude of the positive- 
pulse output is linearly controllable by an 
ejctenial voltage «if 0 to -P5 V, the negative- 
pulse output by 0 to —5 V. Period and duration 
are modulatable over the decade range set by 
range switches; amplitude can be modulated 
c»ver its full range. .Amplitude mrxlulation can 
l>e used for noncoherent gating of output pulse. 

Goting: .An im|)etiance of ^600 O t<» ground 
inhibits output; +4 to -|-8 V allows normal 
output: 1340’s can lie used to gate 1340’s. 

GENERAL 

Power Required: 100 to 125 or 200 to 250 V, 50 
to 400 Hz. 30 W. 

Acceftftorieft Supplied: Spare fuscs, power cord. 

Acceftftorieft Available: (iR874® coaxial com¬ 
ponents, attenuators, terminations, tecs, etc. 

Mounting: Convertible-Bench Cabinet. 


Diftiortion: Preshoot, overshoot, ringing, etc, 
<0.5 V (5% of max output). 

.Duty Ratia: Duty ratios of over 70% can be 
*l)t;iinctl on all ranges except decreasing to 
approx 50% at 50-n8 period in 50-to-500-ns 
range. 

SYNCHRONIZING PULSE 

Wavefarm: Square wave. Negative transition 
precedes start of output pulse by approx 35 ns; 
positive transition can be used for half-period 
pretriggoring. 


Dimenftienft (width X height X depth): Bench 
84 X 5»i X 13 in. (220 X 145 X 330 mm); rack, 
19 X 5H X 11 U in. (485 X 135 X 290 mm). 

Weight: Net, 94 lb (4.2 kg); shipping, 13 lb 
(0.0 kg). 


Catalog 

Number 

ilesrription 

Price 
in USA 


1340 Pulfte Generator 


1340-9700 

Bench Mount 

1 $395.00 

1340-9701 

Rack Mount 

417.00 


NOVEL VOLTAGE-VARIABLE SCHMIH CIRCUIT 


The 1340^8 period generator make.s 
u.se of the voltage-variable Schmitt 
circuit, shotvn in Figure 1. 

Qt and Q2 are regeneratively con¬ 
nected to form a Schmitt^type multi¬ 
vibrator. The common emitter current 
.•supplied by Rb flows entirely in either 
Ql or Q2 when the circuit is in one of 
>^Nits two stable states. Consider the ca.s(» 
Adhere Q2 is conducting (on) and Qt 
and QS are off. Under these conditions 


the voltage divider Rt, R2, and RS 
s(ds a voltage, Ev, at the bast^ of Q2. 
In order to keep Qt and Q3 off, their 
base voltages must be more negative 
than Eu‘ 

Transfer of conduction to Qt occurs 
when the input voltage Ejx on the base 
of Ql is raiscKj to a v^alue close to Evt 
at which point Qt comes on enough to 
start the turn-off of Q2. Regenerative 
tran.sfer of conduction to Qt results, 
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Figur* 1. Simplified tchemofic dia* 
grom of the voltoge-vorioble 
Schmitt circuit, port of the 1340*s 
period generotor. 


and, with Qt on, the base of Q2 is 
driven more negative than the base 
t)f QS. 

In onler to transfer the conduction 
back to Q2, Ets is now lowen*d to a 
value near El^ At this point QS begins 
to draw current^ and this reduces the 
currcmt in Ql, causing Q2 to begin to 
turn on. The regenerative interconnec¬ 
tion of Qt and Q2 again causes the 
emitter current to shift, this time back 
to Q2. 

Conduction is therefore .shifted back 
and forth between Qt and Q2 by cycling 
Ein first up to an upp<‘r trigger level 
Ev and then down to a lower trigger 
evel near El- The significant advan¬ 


tage of this circuit over other multi¬ 
vibrators is that the lower trigger level 
is controlled in a very simple manner 
by an externally supplied voltage El- 
The lower trigger lev'el is, in fact, almost 
exactly e(|ual to El- 

Two more* transistors, Q-i and Q-5, 
turn the voltage-variable Schmitt cir¬ 
cuit into the complete voltagt'-variabh'^^ 
period genenitor, Figure 2. Q5 is a 
constant-current source, supplying a 
current / to the timing capacitor C. 

Q4 is a .switched con.stant-curnmt 
source, supplying no curnmt when off 
and 2/ when on. 

When Qt is on, both Q2 and Q4 are 
off and the current into C is —/; the 



Figure 2. Simplified schematic of 
the complete period generator. 
Voltage control of the period is 
ochieved by vorying h, which 
governs the capacitor>volt> 

oge swing. ^ 
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Figure 3. The puite>durofion gen* 
erolor, simplified. The control 
voltage Bi determines how long 
the circuit stays in its 
unstable stote. 


voltage across C drop.s linearly with 
time. When this voltage reaches Kt, the 
voltage-variable Schmitt shifts to the 
Q/-ofT, Q^-on state, and Q4 comes on. 
The net capacitor cummt is now 
amJ the capacitor voltage increases 
linearly. When the capacitor voltage 
^^reache.s Eut the Schmitt shifts states 
oack to Q/-on, Q2-oif. In this fashion 
the capacitor alternately charges and 
discharges so that the capacitor voltage 
is a triangular wave, anti a s(]iiarc 
wave is developed at the collector of 
Q2. 

Voltage control of the |x*riod is 
effected by varjdng El. which controls 
the peak-to-peak amplitude of the ca¬ 
pacitor voltage. Since the charging 
currents are constant, the period of the 
square wave is directly proportional 



to (he peak-to-peak swing of the capaci¬ 
tor voltage. 

The duration generator uses the 
voltage-variable Schmitt circuit in the 
monostable configuration .shown in 
Figure 3. In this circuit Qo is again a 
constant-current generator. In the sta¬ 
ble state, Q2 is on; Q2 holds Q4 on, 
and the capacitor voltage is clamped 
to ground. In monostable operation, 
the base of Q2 is slightly above ground 
when it is on; thus the capacitor vol¬ 
tage, which cannot go positive, does 
not turn Q2 off. A negative trigger, 
applied to the collector of Q/, turns off 
Q2, and Q4 turns off with Q2. The 
constant-current source now' charges C, 
and the capacitor voltage starts a 
negative climb. When it roaches El, the 


Figure 4. Simplified diogrom of fhe 
positive>pul«e output circuit. The two 
stage! following O? ore nonsoturot- 
ing, so thot Be controls the omplitude 
of the output pulse. 


I 
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circuit reverts to the stable 
Q2~oi\ state. The duration of the output 
pulse' is determined by the amplitude 
of the voltage change on the timing ca¬ 
pacitor and therefore is linearly pro¬ 
portional to the control voltage El- 

The output circuit for the positive 
pulse is .shown in Figure 4. 

The first transistor Ql is normally 
saturated and is turned off by the input 
pulse. The amplitude of the pulse at 
the collector of Ql is changed by ad¬ 
justing the supply voltage Ec of this 
stage. Q2 is a nonsaturating amplifier 
that provides current gain to drive the 
output stage. The cascode (grounded- 


emitter driving grounded-base) output*^^ 
stage is also nonsaturating and has a 
v'ery fast rist* time. In order to handle 
the high output current and yet main¬ 
tain high switching speed, Q.i and Q4 
are each a pair of parallel transistors. 

All the amplifier stages following Qt are 
nonsaturating so that the output ampli¬ 
tude is proportional to the control 
voltage Ec. This allows voltage control 
of the pulse amplitude. 

The negative-pulse amplifier circuit 
is the same as the positive amplifier 
except that negative supply voltages 
and complementary transistor types are 
used. —J. K. Skilling 



General Radio decade re.sistors have 
been constantly improved since they 
were first introduced in 1917. Often 
the.s(» changes occurred as new tech¬ 
niques permitted, unheralded by out¬ 
ward appearance changes or new type- 
number de.signations. A review of pub¬ 
lished specifications, however, would 


reveal the steady improvements that 
have taken place. Most recently, both 
appearance and performance have got¬ 
ten better, in recognition of which the 
precision 1432 line has been renamed 
the 1433. Improvements representor 
by this new number include: 


6 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (SOO) 899-8438 • fax: (516) 334-5988 







Nov«mber-D«cemb«r 1968 


In-line digital readout; reading errors 
arc far less likel 3 \ 

Models with from four to seven dials 
give reciuired n^solution. 

All mixlels rack mountable. 

Better accuracy, dzO.02% two-year 
accuracy for high values. 

Over-air' as well a.s “incremental" 
accuracy specifications now given. 

Better ac performance at high re¬ 
sistances, owing to rc*duccd stray capaci¬ 
tance. 

Bear-panel terminals for s^^stem in¬ 
stallation. 

”Over-air' accuracy versus 
“incremental" accuracy 

Historically, GR has specified the 
accuracy of each separate resistor in 
a decade bo-\ rather than that of the 
total re.sistance. 'I'his practice has re- 
fleeted the fact that each re.sistor is 
individually adjusted. We called this 
specification “accuracy of resistance 
increment" becau.se the difTenmce in 
value lietween any two positions of 
the same switch has the same accuracy 
as a resistor on that switch. Knowledge 
of the incremental accuracy is nccHled 
in many use.s, and we are not abandon¬ 
ing it; but more often the absolute 
accuracy of any given s(?tting of the 
box — the “ over-all" accuracy — is de¬ 
sired. 

If all the re.si.stors in a box had 
the same accuracy specification, any 
combination of them would have this 
same specification. Lower-value rtv 
sistors, however, cannot be adjusted 
as easily and genendly are not as 
stable as higher-value re.sistors. So our 
over-all specification has two Utiiis: 
^ db (0.02% -f 2 mil). 

A single over-all specification is in¬ 
tended to apply to any and all possible 


settings of the decade box, but there 
are obviously just too many to permit 
testing every one. Instead, we adjust 
the lower-value units to much tighter 
tolerances than the publishcKl d: 2 mQ, 
and test the a.s.sembled bo.xes at care¬ 
fully selecttnl values with limits sub¬ 
stantially clost'r than the catalog spe¬ 
cifications. To substantiate the validity 
of this method, 300 boxes were “made" 
on a computer under the a.ssumption of 
a very poor tolerance distribution. 
These were first computer “tested" 
against our lal)orator 3 ' specifications 
and then computer “mea.sured" at 
every setting. No box that passed the 
simulated laboratory test was in error 
by more than O/IO of the catalog 
specification at any setting. 

Such te.sting, whether real or simu¬ 
lated, checks only the initial tolerance 
of the decade box. Confidence in the 
two-year accuracy of GR M.TTs is 
a.ssured by stability' records of the re¬ 
sistors and by the use of exceptionally 
good switches. 

Switches 

Decadivbox accuracy depends on the 
resistors and on the switches. In the 
over-all specification, sw'itch re.sistance 
plays a particularly important part. 
Commercial rotary switches with solid- 
.silver contacts, such as we u.se in many 
instruni(‘nts, can vary I milliohm or 
more in contact re.sistance. Obviously, 
a five-decadt? box can di.splay a vari¬ 
ation of 5 milliohms or more, which 
would have to be accounted for in 
the sptM'ification. The GR-de.signed and 
inanufactunHi switches in our IVpe 
1433 decade boxes have a low and very 
repeatable conbict n‘si.stance. Critical 
contacts (on lower diH^ades and zero 
settings) use multiple-leaf wipers 
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Th« ut« of multi-leaf wipert on tilver-ovorlold 
stud* otturet o contact recittonco thot voriot by 
lets thon 100 microhms. 


against silver-overlaid studs (see photo). 
As a result, contact resistance changes 
by no more than 100 microhms and 
hence has but slight effect upon the 
specification. Our less e.xpensive line, 
the 1434, uses commercial switche.s with 
double contacts to give a dr 0.05% d: 5 
mQ over-all specification. 

Resistors 

For addcnl dimensional stability, the 
1-ohm through 10-kilohm units are 
now wound on ceramic rather than 
fiber-glass or mica cards as before. 
While the lOO-kilohrn units are un¬ 
changed, the 1-mcgohm units are now 
wound on bobbins. 

For years, weVe held that flat, 
single-layer card resistors are far su¬ 
perior to multi-layer bobbin types, as 
the latter have much higher inductance 
and shunt capacitance that degrade 
their pt^rformance in ac operation. In¬ 
deed, we still feel this is true, but only 
for single resistors. When 1-megohm 
cards arc wired together in a decade 

18 


box, the capacitances between cards 
and from the cards to the box become 
the main cause of reduced ac perfor¬ 
mance. These capacitances arc lower 
when bobbins are used, and the ac 
performance is better in spite of the 
higher individual shunt capacitance. 
We have now swallowed our pride and 
learned to wind precision bobbin re¬ 
sistors, for, besides being better for 
decade boxes, they’re a lot less costly 
to make and actually permit lower 
prices on some decades. 

Separate Decades 

The improved accuracy of the 1433’8 
is available in the individual Type 510 
Decades, which are sold separately. 
The.se units are ideal for assembly into 
production-test instruments, bridges, 
and other experimental or permanent 
equipment where only one or two 
decades are needed. The 510*s are com¬ 
pletely shielded, both mechanically and 
electrically, by an aluminum housing, 
and a knob and dial plate are supplied 
with each unit. 

Decade resistors are difficult to 
specify adequately, but it is our in¬ 
tention to describe the 1433’s perfor¬ 
mance in the specifications below as 
completely and truthfully as possible. 
A discussion of some of the terms we 
use and why we use them is given in 
the October, 1905 Experimenter, and 
further information on ac performance 
is given in the instruction sheet. 

— II. P. Uall 

A brief biography of Mr. Hall appeared in 
the June, 1966 Experimenter, 
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SPECIFICATIONS 


Leng-Ttrm Accurocy: l>ur two-ycar warranty 
applies to the tolerances given below unless the 
resistor is damaged by excessive current. These 
tolerances apply for low-current measurement 
at dc or low-frequency ac (sec below). 

Ovor-all Accuracy: The resistiince dilTercnce 
lietwoen that at any setting and at the xero 
setting is equal to the indicate value ±(0.02r| 
-f 2 mil). 

Incr*m«ntal Accurocy: See table. This is the ac¬ 
curacy of the change in resistance Ijetwccn any 
two settings on the same dial. 

Max Currant: The max current for each decade 
is given in the table below and also appears on 
the panel of each decade box and on the dial 
plate of each decade resistance unit. 

Fraquancy CharacterUtic: The accompanying plot 
shows the max iH»rcentage change in oflfective 
series rraistance. as a function of frequency for 
the individual decade units. For low-resistance 
decmles the error is due almost entirely tt) skin 
effect and is independent of switch setting, 
while for the high-rcsistance units the error 
is due almost entirely to the shunt capacitance 
and its losses and is approx pro|>ortional to the 
square of the resistance setting. 

The high-resistance decades (510-E, -F, -<1, 
and -IC) are vcr>' commonly used us parallel 
'rosisUinct* elements in resonant circuits, in 
which Uie shunt capacitance of the decjules be¬ 
comes part of the tuning capacitance. The 
parallel resistance changes by only a fraction 
(between a tenth and a hundredth) of the 
series-resistance change, depending on fre¬ 
quency and the instilating material in the 
switch. 

Characteristics of the ITW’s are similar to 
those of the individual SlO's modified by the 
increased series inductance, /!/«, and shunt 
capacitance, due to the wiring and the 
presence of more than one decade in the as¬ 
sembly. .\t total resisUince settings of appn)X 
lOOO ohms or less, the frequency clmractcriatics 


of any of these decade resistors are substan¬ 
tially the same as those shown for the SlO’s. 
.\t higher settings, shunt capacitance becomes 
Uie controlling facUir, and the effective value 
of this captwitance depends upon the settings 
of the individual decauea. 

Typical Valuet of i„, and C for the Decade 
Resistors: 



Equivaient circuit of a resistance decade, showing 
iocation and nature of residual impedances. 

Zero Resistance (R„)i O.OOl ll |)er dial at dc; 
0.01 ll per dial at I M llz; proportional to square 
root of fretpiencv at all fre<|uenries above 100 
kHz. 

Zero Inductance (1..): 0.1 pH |X.‘r dial + 0.2 
mH. 

Effective Shunt Capocitance (C): This valuc is 
determined largely by the highest decade in 
use. With the low b^minal connected to the 
shield, a valuc of 15 to 10 pF jter decade may 
lie assumed, counting decades dowTi from the 
highest. Thus, if the third decade from the top 
is the highest resistance decade in circuit (i.e., 
not set at zero), the shunting terminal capaci¬ 
tance is 45 to .’10 pF. If the highest decade in 
the xissembly is in use, the effective capacitance 
is 15 to 10 pF, n^gardless of the settings of the 
lower-resistance decade's. 



Maximum percentage change In series resistance as a function of frequency for Type 510 

Decode-Resistance Units. 
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T*mp«ratur« Co«ffki«nt of RosUtonce: Less than 
d:10 ppm per degree C for values above 100 
Q and < ±20 ppm per ilcgree C for 100 U and 
below, at room temperatures. For the 14^13*8 
the box wiring uHll increase the over-all tem¬ 
perature coefficient of the O.l- and 0.01-12 
decades. 

Swifehot: Quadniple-leaf brushes bear on lubri¬ 
cated contact studs of ftf-in. diameter in such 
a manner as to avoid cutting but yet give a 


good wiping action. A ball-on-cam detent is 
provided. There arc eleven contact points (0 
to 10 inclusive). The switch resistance is less 
than 0.0005 12. The effective capacitance is of 
the order of 5 pF, with a dissipation fact4>r of 
0.00 at 1 kHz for the standard cellul(»e-011ed 
molded phenolic switch form and 0.01 on the 
mica-Ollra phenolic form used in the 510-<J and 
510-H units. 

Max Voltog* to Co««: 2000 V pk. 


Type 1433 Decade Resistors 


Catalog 

f Sumber 



Ohma 

So, of 
Dials 

Type 6 to Decattes 
Used 

Price if 

l US,\ 

Bench 

Rack 

Type 

Total Ohme 

Bench 

Rack 

1433-9700 

1433-9701 

1433.U 

111.1 

0.01 

4 

AA, A, 8, C 

$120.00 

$128.00 

1433-9702 

1433-9703 

1433-K 

nil 

0.1 

4 

A. 8, C, D 

122.00 

130.00 

1433-9704 

1433-9705 

1433.J 

11,110 

1 

4 

8. C, D, E 

125.00 

133.00 

1433 9706 

1433-9707 

1433.L 

111,100 

10 

4 

C, D, E, F 

120.00 

128.00 

1433-9708 

1433-9709 

1433-0 

1,111,000 

100 

4 

D, E, F, G 

154.00 

162.00 

1433-9710 

1433-9711 

1433-T 

1111.1 

0.01 

5 

AA, A, 8, C, D 

146.50 

154.50 

1433-9712 

1433-9713 

1433-N 

11,111 

0.1 

5 

A. 8. C, D, E 

144.00 

152.00 

1433-9714 

1433-9715 

1433-M 

111,110 

1 

5 

8. C, D, E, F 

147.50 

155.50 

1433-9716 

1433-9717 

1433.P 

1,111,100 

10 

5 

C, D, E, F, G 

182.50 

190.50 

1433-9718 

1433-9719 

1433-Y 

11,111,000 

100 

5 

D, E, F, G, H 

247.50 

255 

1433-9720 

1433-9721 

1433-W 

11,111.1 

0.01 

6 

AA, A, 8, C, D, E 

168.50 

176.>w 

1433-9722 

1433-9723 

1433.x 

111,111 

0.1 

6 

A, 8, C, 0, E, F 

166.50 

174.50 

1433-9724 

1433-9725 

1433-8 

1,111,110 

1 

6 

8, C, D, E, F, G 

210.00 

218.00 

1433-9726 

1433-9728 

1433.Z 

11,111,100 

10 

6 

C. D, E. F, G, H 

276.00 

284.00 

1433-9729 

1433-9730 

1433.F 

111,111.1 

0.01 

7 

AA, A, 8, C. D, E, F 

191.00 

199.00 

1433-9731 

1433-9732 

1433-G 

1,111,111 

0.1 

7 

A, 8, C, 0, E, F, G 

229.00 

237.00 

1433-9733 

1433-9734 

1433.H 

11,111,110 

1 

7 

8, C, 0, E, F, G, H 

303.50 

311.50 


Type 510 Decade-Resistance Units 


Catalog 

Snniber 

Type 

Total 

Resistance 

Ohms 

Resistance 
Per Step 
(sR)Ohms 

.Accuracy of 
Resistance 
f ncremerUs 

Max 
Current 
40 ® C Ris* 

Power 
Per Step 
irnf/g 

SL 

C** 

pF 

L. 

m// 

Price 
in VS.A 

0510-9806 

510-AA 

0.1 

0.01 


4 A 

0.16 

0.01 

7J-A.5 

0.023 

$23.00 

0510-9701 

510-A 

1 

0.1 

±0.4% 

1.6 A 

0.25 

0.014 

7J.4.5 

0.023 

17.50 

0510-9702 

510-B 

10 

1 

±0.1% 

800 mA 

0.6 

0.056 

7J.4.5 

0.023 

26.00 

0510-9703 

510-C 

100 

10 

±0.04% 

250 mA 

0.6 

0.11 

7J.4.5 

0.023 

27.00 

0510-9704 

510-0 

1000 

100 

±0.02% 

80 mA 

0.6 

0.29 

77-4.5 

0.023 

25.00 

0510-9705 

S10-E 

10,000 

1000 

±0.02% 

23 mA 

0.5 

13 

77-4.5 

0.023 

20.50 

0510-9706 

510-F 

100.000 

10,000 

±0.02% 

7 mA 

0.5 

70 

77-4.5 

0.023 

21.00 

0510-9707 

510-G 

1,000,000 

100,000 

±0.02% 

2.3 mA 

0.5 

— 

77-4.5 

0.023 

61.00 

0510-9708 

S10-H 

10,000,000 

1,000,000 

±0.02% 

0.7*mA 

0.5 

— 

7J-4.5 

0.023 

92.00 

0510-9604 

510-P4 

Switch only 

(Block Phenolic Frame) 






11.00 

0510-9511 

510-P4L 

Switch only 

(Low-Lots Phenolic Frame) 






12.00 


* Or a max of 4000 V, pk. 

** The larxer capacitance occura at the highest sett^ of the tieoade. The values given are for units without the shield cam 
place. With the shidd cans in place, the shunt capacitance is from 0 to 20 pF greater than indicated here, depending on whether 
the shield is tied to the switch or to the tero end of the decade. 
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POPULAR UHF OSCILLATOR NOW LOCKABLE 

900 to 2000 MHz 


The GR 1218 Oscillator has long 
been valued in many laboratories for 
its high output power and its spectral 
purity. Now, the 1218-BV lockable 
model means that freciuency stability 
too can be achieved by use of a feedback 
control loop and reference-frecjuency 
source. 

The o.scillator can \ye phase locked 
to a stable reference of the same fre¬ 
quency or to a harmonic of the refer¬ 
ence signal. Absolute stability of the 
1218-BV’ may be less important than 
the stability of a difference frecpiency. 
In hetenKlyne systems the 1218-BV, 
used as the local ascillator, can track 
/^■^i^iall changes in the test fre<iuency. 
a this way the intermediate freciuency 
is held within the detector passband. 


A dc control voltage of ±25 volts will 
njsult in a frequency change typically 
greater than ^2 MHz. Step-response 
time is typically under I microsecond. 
As in the 1218-A. output power into 
50 ohms is at least UiO mVV up to 1.5 
GHz, dropping linearly to at least 
110 mW’ at 2 GHz, and, in ail other 
re.spects as well, performance of the 
r218-B\’ is the same as its predecessor. 

The r218-BV can be use^ with any 
of three GR power supplies: 1264-B 
Modulating Power Supply, 1263-C Am¬ 
plitude-Regulating Power Supply, or 
1207-B Rx'gulated Power Supply. The 
oscillator is available separately or in 
combination with any of the above 
power supplies for bench or relay-rack 
mounting. 
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0.9 IJO 2.0 

FREQUENCY-GHf um-m 


121t«BV power output into 50 ohmt. 


SPECIFICATIONS 


Froquoncy Rang*: 000 to 2000 MHk. 

Froquoncy Calibration Accuracy: d:l%. 

Warmup Froquoncy Drift; 0.1% total drift, typi¬ 
cal. 

Froauoncy Control: 4-in. dial calil>raUHl in 

Mil/, over 2*.K)“ (lOi'i^n* scale lenKth); also 
800-division lodging scale. Slow motion drive 
of about 8 turns. 

AF Control (Intornal): > ±2 MHz by % tum 
of front-panel knob. 

Powor«lovol Pulling (by aF control): < :^0.5 

dB for ^ 2.MH* aF. 

AF Control (Romoto): By dc voltage applied at 
front or rear jacks. 

Froquoncy: > 4 MHz total nufigc for 50-V 
change. 

Voltago: Typical useful range ± 25 V; aF 
control sets wnter value from -f 10 to —20 
Positive-going voltage causes fre<|uency 
decrease, .\pplied voltagt* ±50 V max. 
Intorfoco Choroctoristic: Fqilivalent to 10 kll, 
150 i)F, and —1.3 mA current source in 
parallel aenns terminals, one of which is 
ItroundinJ. Fxt source should have < 1000 ii 
int impedance; may be ac c<Miple<l. 
Slop*Ro«pon«o Timo: < 1 /<S, t\'pical. 

Output Powor (into 50 ll): > 100 mW, 0.9 to 1.5 
GHz; dro|)8 linearly to >110 m\V at 2.0 GHz. 
Output Conntetar: Locking G1tS74S' conno<*Uir 
at rear panel. .\dapU)rs available to other 
connector ty|>e8. 

Uv«l Cantrol: Full output to at least 20-dB at¬ 
tenuation set by uncalibrated front-panel 
control. 


Modulation: AM iSPtn* jack at front panel 
for external audio-fre<picncy plate modulation: 
appn)X 30 V rms into 0 kil required for 30% 
amplitude modulation. GU 1311 Audio Os¬ 
cillator recommendcHl os modulator. 

Power Supply: Choice of three regulated power 
supplies. Oscillator is available separately or in 
combination x^ith any power supply for rack or 
bench mounting. 

The GH 1207-14 Itcf^latod Power Supply is 
suitable for cw ofieration. 

The GR I2t>lt-C Amplitude-Regulating Powe^^ 
Supply autornaticallv holds the output at se^ 
level up to 2 V' lM*hind 51) II, cw or l-kllzrsquare 
w'ave mixiulated. 

The GR 1204-B Mixliiluting Power Supply 
provides full power cw or modulated operation 
from internal I-kHz 8f|Uare-wave or external 
pulse up to 100 kHz. 

Mounting: L^nit cabinet ran lie mounted with 
a power supply in single bench assembly or 
can be rack mountetl alone or with powrer supply 
by use of appropriate rock adaptor. 

Acce«»ori»s Suppllodt 2- and IV-contact phone 
plugs for iiKxlulation and frequency-control 
inputs. 

Accettoriot AvoilabU: GRS74R coaxial elements 
and adaptors. 

Dimensions (width X height X depth): Bench, 

12 x 7^ X 9 in. (305 x 195 x 230 mrn); rack 
(with 1207 power Hupply), 19 x 7 ^ in. (485 
X ISO X 185 mm), 120^) or 1264 powder supply 
adds 7 in. to rack height. 

Weight (less power supply): Net, 14 lb (6.5 kg); 
shipping, 25 lb (11.5 kg). 


Catalog 

A'uf fiber 

Description 

Price 
in USA 

1218-9724 

1218-BV Lockable Oscillator 

$825.00 

Bench 

Rock 

Oscillotor/Fewer-Supply Combinations 

Bench 

Rock ^ 

1218-9901 

1218-9902 

1218'8V with 1263-C Amplitude-Regulating Power Supply 

$1375.00 

$1404.00 

1218-9903 

1218-9904 

1218-8V with 1264-B Modulating Power Supply 

1240.00 

1269.00 

1218-9905 

1218-9908 

1218-BV with 1267-8 Regulated Power Supply 

1020.00 

1046.00 
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NEW MEMBERS OF THE VARIAC® 
FAMILY OF ADJUSTABLE AUTOTRANSFORMERS 


The W8MT3 and its metered com¬ 
panion, the W8MT3V\M, prtjvide the 
most volt-amperes per dollar of any 
V'ariac® model, many convenience fea¬ 
tures, plus the new General Radio 
‘Might look.’’ 

The VV8MT3 and W8MT3VM are 
cased units that include a power cord 
and plug, an on-ofT switch that switches 
both sides of the input line, a dual 
receptacle for connection of a multiple 
load, a manual-reset overload protector, 
and a cariydng handle. The W8MT3 VM 
has a O-to-loO-volt meter that indicates 
output voltage of the Variac. 

A threi'-wire power cord ties the 
ground (third) prong on the power plug 
to the ground-prong receptacle on the 
load outlet and to the case. 

These portable W8-type autotrans¬ 
formers are de.signed for use at a mini¬ 
mum line frequency of 50 Hz for the 
statc^d 120-volt input. They can be 
operate<J at up to 400 Hz. 

Becau.se of the Duratrak^ precious- 
metal contact surface, these Variac 
autotransformers can tolerate large 


momentary overloads without damage 
and have a comfortable niargin-of- 
safety in normal oiK^ration at rated 
laad.s. 





W8MT3VM circuit. Th« W8MT3 it lh» toma txcupf 
that it hot no mttor. 


SPECIFICATIONS 

INPUT 

Veltogo: 120 V. 

Froqwtncy: 50 to 00 III. 

OUTPUT 

Voitoge: 0 to 140 V. 

Roted Current: 10 .\; cqiiiv.'ilcnt to 1400 W at 
max output volta^tv 

Meter (in WS.M’IMV.M only); 0 to 150 V. 
No-Lood Lott: 12 W at 00 H/.. 

Driving Torque: 10 Ut 20 <mnre>inche8. 
Replacement Bruth: Tyi*K VB 2. 

Weight: Net, 10 lb (4.0 kg); Hbipping, 20 lb(0.5 
kg). 


Catalog 

Xumher 

Description 

Prico 
in USA 

3038.5119 

W8MT3 Vorioc* auto- 



trontformer 

$38.00 

3038-5015 

W8MT3VM Vorioc* 



outotrontfermer (motored] 

68.50 

3200-5900 

VB2 Ropiocomont Bruth 

1.00 
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GENERAL RADIO COMPANY 

WEST CONCORD. MASSACHUSETTS 01701 

617 369-4400 


SALES AND SERVICE 


Arts 

Albuquerque 
Atlanta 
•Boston 
Bridgeport 
•Chicago 
Cleveland 
Cocoa Beach 
•Dallas 
Dayton 
Denver 
Detroit 
Houston 
Huntsville 
Indianapolis 
•Los Angeles 
Montreal 
New Haven 
•New York 

Ottawa 
Philadelphia 
San Diego 
San Francisco 
Seattle 
Syracuse 
•Toronto 

•Washington/Balti 

'Repair services are 


Ttltp^on• 

505 255-0611 
404 633-6183 
617 646-0550 
203 377-0165 

312 992-0800 
216 886 0150 
800 241-5122 

214 ME7-2240 

513 434-6979 
303 447-9225 

313 261-1750 

713 622-7007 
800 241-5122 
317 636-3907 
213 469-6201 

514 737-3673 
203 377-0165 

(NY) 212 964-2722 
(NJ) 201 943-3140 
613 233-4237 

215 646-8030 

714 232-2727 

415 948-8233 
206 GL4 7545 
315 454-9323 

416 247-2171 
more 301 946-1600 
available at these offices. 


GENERAL RADIO COMPANY (OVERSEAS) 
CH 803A ZiiHch 34. Switzerland 

GENERAL RADIO GMBH 
D8 Munchen 80. West Germany 

GENERAL RADIO COMPANY (U.K.) LIMITED 
Bourne End Bucitinghamshlre. England 

REPRESENTATIVES IN PRINCIPAL 
OVERSEAS COUNTRIES 
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